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Many attempts have been made to determine the mobilities of large 
ions or  charged particles  of colloidal dimensions.  Several methods 
have been used based upon the movement of charged particles under a 
difference of  potential.  They may  be  grouped into  three  classes: 
(1) conductivity; (2) transport numbers, (a)  Hittorf method, (b) mov- 
ing boundary method, (c) electromotive force method; (3) cataphoresis. 
From a review of the literature on this subject one is impressed by 
the lack of uniformity in results obtained with different methods and 
by different investigators. 
According to  the  earlier  generally accepted ideas  concerning ion 
velocities it is to be expected that protein ions should have low mobili- 
ties, and some investigators have reported low values.  Hardy  1 found, 
by the conductivity method at 18°C., about 7.5 for the mobility of the 
globulinate ion.  The moving boundary method gave him about 9 for 
the globulin ion in chloride solution and about 7 for the globulinate ion 
in sodium globulinate. 
Pauli,  ~,3  McBain,*  Greenberg  and  Schmidt,  s  Svedberg  n and  their 
eoworkers all found that the mobilities of protein ions depend upon the 
relative amounts of the protein and acid or base in the solution.  Pauli 
found by the conductivity method that the mobility of the protein ion 
increased from about 10 in a  strongly alkaline solution to a  constant 
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value of about 30 as the protein content was increased.  The boundary 
potential  method  gave  him,  for  a  solution  containing  1  per  cent 
albumin in 0.002 N HC1, a mobility of 5-8. 
Scott and Svedberg, by a special arrangement of the moving bound- 
ary method, were able to measure directly the velocity of protein ions. 
They reported a maximum mobility of about 20 in acid solution. 
By the conductivity method, Greenberg and Schmidt found for the 
caseinate ion at 25°C.  values from 25.9  to 36.2  depending upon the 
alkali  used.  They were unable  to  obtain  results  with  the moving 
boundary.  The Hittorf method gave them values from 43 to 46.5 for 
the caseinate ion. 
The explanations for the phenomena observed fall into two general 
classes.  According to some the colloidal particles receive their charges 
through hydrolysis and adsorption, while others believe they are ions 
which result from the dissociation of chemical compounds.  For more 
complete discussions of this question the reader is  referred particu- 
larly to the articles by Cohn,  7 McBain and Salmon,  4 Greenberg and 
Schmidt,  5  Pauli, 8 Robertson, ° and Belden.  1° 
For the present work the authors attempted to  accumulate some 
information concerning the migration velocity of the gelatinate ion in 
various relative concentrations of sodium hydroxide.  It is universally 
accepted that  a  potential  difference exists at  the surface of contact 
between two solutions of electrolytes that differ in any manner what- 
ever.  Various formulas have been developed to express the magnitude 
of such potentials;  the complexity of the formulas increases with the 
complexity of the system.  All such formulas are based upon the  as- 
sumption that the magnitude of the potential depends upon the mobili- 
ties and concentrations of the ions in the two solutions.  In systems 
where the boundary potential  can be experimentally measured and 
the concentrations of all the ions and the mobilities of all but one ion 
are known, it is possible to calculate the mobility of that one. 
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The two types of cells used may be represented in this manner 
H~/NaOH C/NaOH 6' +  z gin. gelatin/H~  I 
H#NaOH C/KC1 (sat.)/NaOH C +  z gm. gelatin/Ha  II 
The  same concentration  of NaOH was used on the two sides of the 
boundary but on one side there was in addition a known quantity (x) 
of gelatin.  The two types of cells were identical except that in II the 
boundary potential was eliminated  by saturated KCI solution.  It is 
evident  that  the  difference  (Excl  -  EH)  between  the  potentials 
of these two cells gives the boundary potential Es. 
FIG. 1. The cell assembly for systems of the type 
H2/NaOH C/NaOH C +  x gin. gelatin/H2. 
The  materials  used  and  measuring  apparatus  have  been  described 
in a previous papery 
The cell assembly for Type II system was the same as in Fig.  1 in 
the  previous  paper.  For  Type  I  systems  the  arrangement  repre- 
sented in Fig.  1 of this article was used.  The flasks were similar  to 
those used for Type II systems; their capacity was about 1 liter and 
they  had  five  necks  to  accommodate  the  hydrogen  electrodes,  gas 
inlet,  and  outlet,  etc.  Flask  2  contained  the  pure  NaOH  solution, 
while Flask 1 contained NaOH of the same concentration  as 1 but in 
addition a definite amount of gelatin.  Flask 3 also contained the same 
concentration  of  NaOH  but  a  different  amount  of  gelatin  than  1. 
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This  arrangement  made it possible to carry on two sets of measure- 
ments  at  the  same  time.  The  liquid  junction  vessel permitted  the 
formation of a definite horizontal boundary between the two solutions. 
The boundary could be renewed as frequently as desired. 
To form a junction, for instance between 1 and 2, stop-cocks C t and 
D were opened and solution drawn out of Flask 1 ; C t was then closed and 
C opened and solution drawn out of Flask 2.  The solutions in 1 and 
2 were adjusted to the same level and D  closed.  Before taking each 
set of readings the hydrogen inlets were closed and stop-cocks C and 
C r opened.  Readings were taken,  (1)  for boundaries that  had been 
prepared  for  several  minutes,  (2)  for  freshly  prepared  boundaries, 
and  (3)  for flowing boundaries.  The following junction was made by 
allowing  the hydrogen  to bubble slowly with  C  and  C t open  and  D 
partly open.  Potentials checked to about 0.3 inv.  at the lower con- 
centrations of gelatin, but when gelatin was present in large excess the 
variation  reached  several  millivolts.  Duplicate  measurements  were 
made in all cases by refilling the flasks with new solutions. 
The data are represented as curves in Figs. 2 and 3.  For the curves 
in Fig. 2 the NaOH was 0.0137 N and in Fig. 3, 0.0505 N.  The data 
for Type I  cells are represented in each figure by curves EH, and  for 
Type II  cells by curves EKcl.  The  EH curves show the  change  in 
liquid junction potential  with increasing  amounts of gelatin,  and are 
obtained by plotting the differences between corresponding values for 
EI~ and EKcl against grams of gelatin. 
The observed data can be explained on the basis of chemical reaction 
between gelatin and NaOH.  All curves must of course pass through 
the origin,  since, at the start the solutions are the same in all flasks. 
If gelatin  acts as an acid and  combines with the  sodium hydroxide, 
then the rapidly moving hydroxide ions on one side of the boundary 
would  be  replaced  by  heavy  slow  moving  gelatinate  ions.  In  a 
previous paper  n it was shown that the activity of the sodium ion is not 
changed  by  the  addition  of  gelatin  which  means  that  the  sodium 
gelatinate  is practically completely dissociated.  The replacement of 
hydroxide ions by gelatinate  ions is, therefore,  the only change that 
results from the addition of gelatin and the only cause for the develop- 
ment of a liquid junction potential.  According to this view the bound- 
ary potential should increase in value until the NaOH has been entirely A. L. IeERGUSON AND A. W. SCI:ILUCIITER  481 
neutralized  by gelatin,  after  which further additions of gelatin  should 
have very little  or  no effect. This was found to be the situation  with 
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Fie. 2.  Curve EKCI shows the increase in potential of the cell 
40 
H~/NaOH 0.0137 N/KC1 (sat.)/NaOH 0.0137  N -}- x gin. gelatin/H2 
as x is increased.  EH is a similar curve for the cell 
H~/NaOH 0.0137 N/NaOH 0.0137 N -}- x gin. gelatin/H2. 
Curve Eb shows the corresponding changes in boundary potential. 
45 
0.0137 N NaOH  but was not strictly the case for the higher concentra- 
tion.  In the 0.0505 N NaOH  the boundary potential reached a  maxi- 482  MOBILITY OF  GELATINATE ION 
mum and then dropped for the largest amount of gelatin used.  This 
last quantity of gelatin is more than enough for complete combinations 
of all  the NaOH,  according to  the combining weight reported in  a 
previous paper.  This excess gelatin may possibly explain the decrease 
in potential for the last point.  Some recent unpublished results show 
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FIG. 3.  Curve EKCl shows the increase in potential of the cell 
H2/NaOH 0.0505 N/KC1 (sat.) NaOH 0.0505 N -k z gin. gelatin/H2 
as x is increased.  EH is a similar curve for the cell 
H~/NaOH 0.0505 N/NaOH 0.0505 •  -b z gin. gelatin/H~. 
Curve Eb shows the corresponding changes in boundary  potential. 
definitely that an excess of a  very weak base in a  system similar in 
fundamental respects to the one used in this work caused a  decrease 
in boundary potential when the solution on the other side of the bound- 
ary was an acid.  An explanation of this phenomenon will be given 
in a later paper. A. L. FERGUSON  AND  A. W.  SCHLUCHTER  483 
If the assumption is correct that gelatin reacts chemically with the 
sodium hydroxide to form a  highly dissociated salt, then the concen- 
trations of all the ions in both solutions may be calculated from the 
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FIG. 4.  Curves which represent calculated and measured values for boundary 
potential.  Ua  =  O, Ua -- 20, and U= =  40 represent values calculated by means 
of the Henderson equation and based upon the assumption of 0, 20, and 40 as the 
mobility of the gelati~te ion.  The Eb (observed) represents the measured values. 
The curves with circles apply to 0.0137 N NaOH and with triangles to 0.0505 N 
NaOH. 
data obtained.  The mobilities of all the ions are known except the 
gelatinate ion.  In all cases the cations are the same on both sides of 
the boundary and have the same concentrations, as shown in previous 484  MOBILITY  OF  GELATINATE  ION 
work.  The total anion concentrations in the two solutions is the same. 
For this special type of boundary the Henderson formula reduces to 
the form. 
U+V1 
Eb =  --  In U +  V~---'2 
In order to cMculate Eb by this formula,  however, it is necessary to 
assume some value for the mobility of the  gelatinate  ion.  Calcula- 
tions  of  the  potential  of  each  boundary  experimentally  determined 
for the 0.013 N NaOH solutions were carried out with various assumed 
mobilities, for the gelafinate ion.  The calculated values for the three 
assumed mobilities 0, 20, and 40 as well as the measured are represented 
as curves in Fig. 4. 
The  agreement  between the observed results and  those calculated 
on the assumption that the mobility of the gelatinate ion is 20 is strik- 
ing.  The  differences  are  within  the  limits  of  experimental  error. 
The agreement is somewhat less satisfactory for 0.0505 N NaOH solu- 
tions though it is about within  the limits of experimental error except 
for the last two points, and an explanation has been suggested above 
for the low observed values. 
It appears from this work that the mobility of the gelatinate ion does 
not depend upon the relative amounts of base and gelatin in the solu- 
tion or the concentration of NaOH within the limits used.  As pointed 
out above, others have reported a  marked change in mobility with a 
change in relative amounts of base and gelatin.  The authors suggest 
that possibly the difference may be due to the length of time the solu- 
tions  were prepared  before measurements  were taken.  Rawlins and 
SchmidW have shown that days may be required to reach equilibrium 
in  gelatin  solutions.  For this  work the  solutions  were made  up  at 
35°C., which greatly hastens equilibrium, and allowed to stand several 
hours and in most cases days before they were used. 
SUALMARY 
1.  Many measurements were made with the two systems 
H2/NaOH C/NaOH C +  x gin. gelatin/H2 
H#NaOI-I C/KC1 (sat.)/NaOH C  +  x gin. gelatin/H, 
i~ Rawlins, L. M. C., and Schmidt, C. L. A., J. Biol. Chem., 1930, 88,271. A. L. FERGUSON  AND  A. W.  SCHLUCHTER  485 
in which x  was varied from zero to more than enough for complete 
combination. 
2.  From these measurements the change in boundary potential with 
quantity of gelatin present was determined. 
3.  The boundary potentials were calculated by means of a modified 
form of the Henderson equation. 
4.  The  results indicate that  the mobility of the gelatinate ion is 
about 20. 